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Lq rughu wr dqdo|vh wkh lqwhuhvw udwh wudqvplvvlrq phfkdqlvp/ zh vwxg| gdlo|
Hxur0udwhv whup vwuxfwxuh iru wkh XV/ Jhupdq|/ dqg wkh XN ehwzhhq 4<;6 dqg
4<<:1 Zh hvwlpdwh pxowlyduldwh YHFP0JDUFK prghov/ zklfk wdnh lqwr dffrxqw
prvw ri wkh xvxdo ihdwxuhv ri ￿qdqfldo gdwd +qrq0vwdwlrqdulw|/ frlqwhjudwlrq/ khw0
hurvnhgdvwlflw|/ dv|pphwulf h￿hfwv,1 Wkh hvwlpdwhv ri wkhvh prghov/ doorzv xv wr
vwxg| lqwhuhvw udwh wudqvplvvlrq dv zhoo dv yrodwlolw| wudqvplvvlrq dorqj wkh |lhog
fxuyh1 Gxh wr wkh kxjh qxpehu ri wkh sdudphwhuv lw lv txlwh gl!fxow wr lqwhusuhw
wkh hpslulfdo uhvxowv1 Wr dyrlg wklv sureohp zh xvh wkh lpsxovh uhvsrqvhv iudph0
zrun wr h{dplqh wkh wudqvplvvlrq phfkdqlvp dorqj erwk wkh |lhog dqg yrodwlolw|
fxuyhv1
U￿vxp￿
D￿q g*dqdo|vhu ohv p￿fdqlvphv gh wudqvplvvlrq vxu ohv pdufk￿v prq￿wdluhv
gh wurlv sd|v lqgxvwuldolv￿v +Hwdwv0Xqlv/ Doohpdjqh hw Ur|dxph0Xql,/ qrxv ￿wx0
glrqv/ hq iu￿txhqfh txrwlglhqqh/ od vwuxfwxuh sdu whuph ghv hxur0wdx{ vxu od
s￿ulrgh 4<;604<<:1 Fhwwh dqdo|vh hvw u￿dolv￿h gdqv oh fdguh gh prgºohv pxowl0
ydul￿v +YHFP0JDUFK,/ shuphwwdqw gh whqlu frpswh ghv sursul￿w￿v ghv v￿ulhv
￿qdqflºuhv +qrq0vwdwlrqqdulw￿/ frlqw￿judwlrq/ k￿w￿urvf￿gdvwlflw￿/ h￿hwv gh ohylhu,1
Gdqv fh fdguh/ ohv p￿fdqlvphv gh wudqvplvvlrq wudqvlwhqw dxvvl elhq sdu ohv uhq0
ghphqwv txh sdu ohv yrodwlolw￿v1 Srxu frqwrxuqhu ohv sureoºphv g*lqwhusu￿wdwlrq
ol￿v dx qrpeuh ￿ohy￿ gh sdudpºwuhv hvwlp￿v/ qrxv dyrqv dxvvl hvwlp￿ ohv irqf0
wlrqv gh u￿srqvh srxu ￿ydoxhu o*lpsdfw g*xq fkrf d￿hfwdqw xq frpsduwlphqw gh
od frxueh vxu ohv dxwuhv1
Nh| zrugv= Whup vwuxfwxuh/ yrodwlolw| vslooryhuv/ lpsxovh uhvsrqvh dqdo|vlv1
MHO fodvvl￿fdwlrq= H76/ J451
WWkh dxwkruv duh iurp wkh Edqtxh gh Iudqfh/ 74046<4 Fhqwuh gh uhfkhufkh/ 64 uxh Furl{ ghv Shwlwv
Fkdpsv/ :837< Sdulv/ Iudqfh/ skrqh= +66, 40750<507<0;</ H0pdlo= vdyrx|l0grylCedqtxh0iudqfh1iu dqg
hmrqghdxCedqtxh0iudqfh1iu1
Wkh dxwkruv dnqrzohgjh khosixo frpphqwv ri Plfkdho Urfnlqjhu dqg sduwlflsdqwv dw wkh 4<<; ￿Iruh0
fdvwlqj Ilqdqfldo Pdunhwv￿ Frqihuhqfh khog lq Orqgrq1
44 Lqwurgxfwlrq
Dq surplqhqw olwhudwxuh irfxvhg rq wkh h{shfwdwlrqv k|srwkhvlv +HK, ri wkh whup
vwuxfwxuh ri lqwhuhvw udwhv1 Prvw ri wklv zrun frqfoxghg wkdw wkh HK lv qrw vxssruwhg
e| XV gdwd +h1j1/ Fdpsehoo dqg Vkloohu/ 4<<4/ Fdpsehoo/ 4<<8,/ exw lw lv qrw uhmhfwhg
iru rwkhu frxqwulhv +Kdugrxyholv/ 4<<7/ Jhuodfk dqg Vphwv/ 4<<:,1 Rqh ri wkh uhd0
vrqv zk| wkh HK kdv ehhq h{whqvlyho| vwxglhg olhv lq lwv lpsolfdwlrqv lq whupv ri
wudqvplvvlrq phfkdqlvpv1 Lqghhg wkh HK vwdwhv wkdw lqwhuhvw udwhv duh ghwhuplqhg
vlpxowdqhrxvo| dqg wkhuhiruh d srvlwlyh vkrfn rq wkh whup vsuhdg ￿wkdw lv wkh vsuhdg
ehwzhhq d orqj0whup dqg d vkruw0whup udwhv￿ vkrxog uhvxow lq dq lqfuhdvh lq wkh orqj0
whup udwh dv zhoo dv lq wkh vkruw0whup udwh +wkh odwwhu lqfuhdvh ehlqj odujhu wkdq wkh
iruphu,1
Dv idu dv prqh| pdunhwv duh frqfhuqhg/ wklv srlqw lv ri sduwlfxodu lqwhuhvw/ vlqfh
lw lv uhodwhg wr wkh iroorzlqj txhvwlrq= li wkh HK kdv wr eh uhmhfwhg/ zklfk duh wkh
ohdglqj udwhv/ wkh vkruwhvw0whup udwhv +zklfk uh hfw prqhwdu| srolf|, ru wkh orqjhvw0
whup udwhv +zklfk duh pruh uhodwhg wr pdunhw dfwlylw|,B Vrph zrun dqvzhuhg wkdw
wkh orqj0whup udwhv duh wkh ohdghu udwhv lq wkh orqj uxq +Kdoo hw do1/ 4<<5/ Hqjvwhg
dqg Wdqjjddug/ 4<<7,1 Krzhyhu fdxvdo ihdwxuh lq wkh vkruw0uxq g|qdplfv uhpdlqv dq
rshqhg txhvwlrq1
Pruh uhfhqwo|/ wkh fdxvdo olqnv ehwzhhq lqwhuhvw udwhv yrodwlolwlhv kdv ehhq txhv0
wlrqhg1 Frqvlghulqj prqh| pdunhw lqwhuhvw udwhv iru irxu Hxurshdq frxqwulhv +Jhu0
pdq|/ Iudqfh/ wkh XN/ dqg Vsdlq,/ D|xvr/ Kdogdq dqg Uhvwr| +4<<:, phdvxuh wkh
h￿hfw ri ryhuqljkw udwhv rq rwkhu grphvwlf vkruw0whup udwhv +iurp 4 wr 45 prqwkv,
dw wkh phdq ohyho dv zhoo dv dw wkh yrodwlolw| ohyho1 Krzhyhu wklv vwxg| kdv wzr pdlq
gudzedfnv= ￿uvw D|xvr hw do1 hvwlpdwh xqlyduldwh prghov dqg wkhuhiruh wkh| gr qrw
wdnh lqwr dffrxqw wkh srvvleoh fruuhodwlrq ehwzhhq lqqrydwlrqv dvvrfldwhg wr wkh gl￿hu0
hqw pdwxulwlhv1 Vhfrqg wkh fdxvdo olqnv ￿iurp wkh ryhuqljkw udwh wrzdug orqjhu0whup
udwhv/ zlwkrxw ihhgedfnv￿ duh lpsrvhg udwkhu wkdq whvwhg1
Wklv sdshu frqwulexwhv wr wkh ghedwh derxw lqwhuhvw udwh wudqvplvvlrq dqg yrodwlo0
lw| wudqvplvvlrq1 Rxu frqwulexwlrq lv wzrirog1 Iluvw zh hvwlpdwh dq hfrqrphwulf
prgho wkdw lv odujh hqrxjk wr wdnh lqwr dffrxqw prvw ri wkh vwdwlvwlfdo surshuwlhv
fkdudfwhul}lqj lqwhuhvw udwhv vhulhv1 Wkh frlqwhjudwlrq olqnv ehwzhhq lqwhuhvw udwhv
duh gluhfwo| lqwurgxfhg e| prghoolqj wkh phdq htxdwlrq dv d yhfwru huuru0fruuhfwlqj
prgho +YHFP,1 Wkh yrodwlolwlhv duh ghvfulehg lq d pxowlyduldwh JDUFK iudphzrun/
lq zklfk wkh dv|pphwulf ehkdylru ri wkh frqglwlrqdo yduldqfh lv fdswxuhg e| d JMU
frpsrqhqw +Jorvwhq/ Mdjdqqdwkdq dqg Uxqnoh/ 4<<6,1
Vhfrqgzh vwxg| lqd pxowlyduldwh iudphzrun lqwhuhvw udwhv dqg yrodwlolw| vslooryhuv/
wkdw lv ￿uvw0prphqw dqg vhfrqg0prphqw lqwhughshqghqflhv1 Zh surylgh qhz hylghqfh
rq wkh pdwxulwlhv zklfk pdlqo| frqwulexwh wr lqwhuhvw udwhv dqg yrodwlolwlhv  xfwxd0
wlrqv1 Lq sduwlfxodu zh whvw zkhwkhu wkhvh  xfwxdwlrqv pdlqo| frph iurp prqhwdu|
srolf| ru iurp pdunhw dfwlylw|1 Wkh xvh ri d pxowlyduldwh JDUFK prgho wr lghqwli|
wkh gdwd jhqhudwlqj surfhvv holplqdwhv wkh wzr0vwhs surfhgxuh/ lq zklfk uhvlgxdov ri
rwkhu pdwxulwlhv duh suhylrxvo| hvwlpdwhg1 Lw dovr lpsuryhv wkh h!flhqf| ri wkh hvwl0
pdwhv dqg wkh whvwv iru furvv0pdwxulw| vslooryhuv/ dyrlglqj sureohpv dvvrfldwhg zlwk
hvwlpdwhg uhjuhvvruv1 Vslooryhuv h￿hfwv duh lqwurgxfhg lq wkh frqglwlrqdo yrodwlolw|
htxdwlrq ri dq lqwhuhvw udwh wkurxjk wkh vtxduhg uhvlgxdov ri wkh rwkhu lqwhuhvw udwhv1
Wkh xvh ri JDUFK0edvhg yrodwlolw| vhulhv +udwkhu wkdq/ h1j1/ rswlrq0edvhg yrodwlolw|
vhulhv, doorzv erwk krprjhqrxv gdwd +yrodwlolwlhv duh hvwlpdwhg lq d vlqjoh iudphzrun,
dqg d odujh vdpsoh1
5Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 rxwolqhv wkh phwkrg0
rorj| dgrswhg lq wkh sdshu1 Lq Vhfwlrq 6 zh glvfxvv wkh gdwd dqg wkhlu vwdwlvwlfdo
surshuwlhv1 Lq Vhfwlrq 7 zh suhvhqw wkh hvwlpdwhv ri JDUFK prghov1 Vhfwlrq 8 ghdov
zlwk lpsxovh uhvsrqvhv dqdo|vlv1 Vhfwlrq 9 lv ghyrwhg wr wkh frqfoxglqj uhpdunv1
5 Phwkrgrorj|
Wr wdnh lqwr dffrxqw wkh vwdwlvwlfdo surshuwlhv ri ￿qdqfldo vhulhv +hvshfldoo| wkhlu qrq0
vwdwlrqdulw|,/ zh xvh d zhoo0nqrzq YHFP iudphzrun wr uhsuhvhqw wkh lqwhuhvw udwhv1
u
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| ghqrwhv wkh whup vsuhdg ehwzhhq lqwhuhvw udwhv ri pdwxulwlhv p￿ dqg
p￿1 Fdpsehoo dqg Vkloohu +4<;:/ 4<;;, vkrzhg wkdw li wkh vkruw0whup lqwhuhvw udwh
lv gl￿huhqfh0vwdwlrqdu| +L+4,, wkhq wkh h{shfwdwlrqv k|srwkhvlv lpsolhv wkdw doo wkh
rwkhu udwhv duh L+4, dqg wkdw wkh vsuhdgv duh vwdwlrqdu|1 Prvw ri wkh vwxglhv rq wkh HK
lq d pxowlyduldwh iudphzrun +Kdoo hw do1/ 4<<5/ Vkhd/ 4<<5/ Hqjvwhg dqg Wdqjjddug/
4<<7, irxqg wkdw wkh frlqwhjudwlrq udqn lv jhqhudoo| +Q ￿ 4, lq d v|vwhp ri Q lqwhuhvw
udwhv1 Zh kdyh wkxv wr wdnh lqwr dffrxqw wklv surshuw| lq rxu dqdo|vlv1 Wkhuhiruh wkh
g|qdplfv ri lqwhuhvw udwhv lv zulwwhq lq d YHFP iudphzrun/ lq zklfk wkh vsuhdgv duh
wkh huuru0fruuhfwlqj whupv1
Lw kdv ehhq vkrzq wkdw dvvhw uhwxuqv frqglwlrqdo yrodwlolw| lv sduwldoo| suhglfwdeoh
+vhh/ h1j1/ Eroohuvohy hw do1/ 4<<5/ iru d vxuyh|,1 Wkh prvw srsxodu dssurdfk ri prg0
hoolqj yrodwlolw| lv wkh fodvv ri dxwruhjuhvvlyh frqglwlrqdo khwhurvnhgdvwlflw| prghov
+DUFK,/ sursrvhg e| Hqjoh +4<;5, dqg jhqhudol}hg +JDUFK, e| Eroohuvohy +4<;9,1
Krzhyhu DUFK dqg JDUFK prghov fdqqrw fdswxuh vrph lpsruwdqw ihdwxuhv ri
￿qdqfldo gdwd/ vxfk dv dv|pphwulf h￿hfw1 Pruh uhfhqw uhvhdufk h{soruhg vrph uh￿qh0
phqwv ri wkh dssurdfk/ wdnlqj lqwr dffrxqw wkhvh hpslulfdo ihdwxuhv1
Iluvw uhwxuqv duh jhqhudoo| dv|pphwulf +Eodfn/ 4<:9/ Fkulvwlh/ 4<;5/ Iuhqfk hw
do1/ 4<;:/ Hqjoh dqg Qj/ 4<<6,1 Lqghhg d qhjdwlyh vkrfn rq frqglwlrqdo uhwxuq +edg
qhzv, lv xvxdoo| iroorzhg e| d odujhu lqfuhdvh lq yrodwlolw| wkdq d srvlwlyh vkrfn +jrrg
qhzv,1 Dv|pphwulf ru ohyhudjh h￿hfwv fdq eh fdswxuhg/ iru h{dpsoh/ e| H{srqhqwldo
JDUFK +Qhovrq/ 4<<4,/ Wkuhvkrog JDUFK +]dnr￿dq/ 4<<7, ru JMU +Jorvwhq hw do1/
4<<6, prghov1
Vhfrqg uhwxuqv glvsod| lqwhudfwlrqv lq whupv ri erwk ￿uvw dqg vhfrqg prphqwv1
Prvw ri wkh uhfhqw olwhudwxuh rq wklv wrslf frqfhuqv vwrfn pdunhw lqglfhv dqg h{fkdqjh
udwhv1 Vhyhudo sdshuv vwxglhg wudqvplvvlrq phfkdqlvpv/ wkdw lv krz vkrfnv rq d pdu0
nhw duh wudqvplwwhg wr dqrwkhu rqh +Edloolh dqg Eroohuvohy/ 4<<3/ Kdpdr hw do1/ 4<<3/
Vxvpho dqg Hqjoh/ 4<<7/ Nrxwprv dqg Errwk/ 4<<8/ Errwk hw do1/ 4<<:,1 Krzhyhu
wkhuh lv olwwoh zrun rq yrodwlolw| wudqvplvvlrq dorqj wkh whup vwuxfwxuh/ h{fhsw wkh
zrun e| D|xvr hw do1 +4<<:,1 Wkh| vwxg| wkh h￿hfw rq wkh prqh| pdunhw udwhv
yrodwlolw| ri vkrfnv rq wkh ryhuqljkw udwh/ ehwzhhq 4<;; dqg 4<<61 Wkh| ￿uvw hvwlpdwh
wkh frqglwlrqdo yrodwlolw| ri wkh ryhuqljkw udwh/ xvlqj dq HJDUFK prgho1 Wkh|
wkhq hvwlpdwh wkh frqglwlrqdo yrodwlolw| ri wkh prqh| pdunhw udwhv/ xvlqj HJDUFK
prghov djdlq/ exw lqwurgxflqj wkh yrodwlolw| ri wkh ryhuqljkw udwh hvwlpdwhg lq wkh
￿uvw vwhs1 Krzhyhu wklv vwxg| lv d xqlyduldwh rqh/ suhyhqwlqj iurp dqdo|}lqj ihhg0
edfnv iurp pdunhw wrzdug prqhwdu| srolf|1 Wkh| ￿qg wkdw yrodwlolw| wudqvplvvlrq duh
txlwh odujh lq Iudqfh dqg Vsdlq/ ohvv vljql￿fdqw lq wkh XN/ exw vxusulvlqjo| qhjdwlyh
lq Jhupdq|1
Rxu jrdo lv wr wdnh lqwr dffrxqw erwk wkh vwdwlvwlfdo surshuwlhv dqg wkh hpslulfdo
6ihdwxuhv ri wkh ydulrxv pdunhwv1 Zh wkhuhiruh dgrsw d txlwh jhqhudo prgho/ doorzlqj
wudqvplvvlrq phfkdqlvpv sdudphwhuv erwk rq frqglwlrqdo phdq dqg yduldqfh1 Lw
dsshduv wkdw wkh lqwhusuhwdwlrq ri wkh hpslulfdo uhvxowv ￿qdpho| wkh phdqlqj ri wkh
sdudphwhuv￿ zloo eh gl!fxow1
Vr zh dgrsw d pxowlyduldwh JDUFK vshfl￿fdwlrq/ lq zklfk fruuhodwlrqv ehwzhhq
lqqrydwlrqv duh vxssrvhg frqvwdqw ryhu wlph +Eroohuvohy/ 4<<3,1 Wklv dvvxpswlrq
doorzv wr uhgxfh gudpdwlfdoo| wkh qxpehu ri xqnqrzq sdudphwhuv1 Ixuwkhupruh wkh
fruuhodwlrq frh!flhqwv fdq eh gluhfwo| lqwhusuhwhg dv phdvxulqj frqwhpsrudqhrxv
uhodwlrqvklsv ehwzhhq lqqrydwlrqv ri gl￿huhqw pdwxulwlhv1 Dv|pphwulf h￿hfwv duh
lqwurgxfhg dv lq wkh JMU prgho +Jorvwhq hw do1/ 4<<6,= wkh h￿hfw rq wkh frqglwlrqdo
yduldqfh ri wkh vtxduhg lqqrydwlrq lv gl￿huhqw zkhwkhu wkh lqqrydwlrq lv srvlwlyh ru
qhjdwlyh1
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| ghqrwh wkh frqglwlrqdo yduldqfh dqg wkh frq0
glwlrqdo fryduldqfh uhvshfwlyho|1 ￿3
￿c|3￿ htxdov 4 li %
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lv wkh +Q>Q, wlph0
ydu|lqj frqglwlrqdo fryduldqfh pdwul{ dw wlph w/ zlwk gldjrqdo hohphqw jlyhq e| +5,
dqg furvv0gldjrqdo hohphqw jlyhq e| +6,1 Frqglwlrqdoo| rq wkh lqirupdwlrq vhw dydlo0
deoh dw wlph w/ wkh pxowlyduldwh lqqrydwlrq %| lv vxssrvhg wr eh qrupdoo| glvwulexwhg/
zlwk phdq }hur dqg yduldqfh0fryduldqfh pdwul{ ￿|1
Htxdwlrq +4, ghvfulehv wkh frqglwlrqdo phdq iru lqwhuhvw udwhv ri ydulrxv pdwxulwlhv
lq d YHFP iudphzrun1 Wkh frqglwlrqdo phdq ri hdfk fkdqjh lq udwh lv lq xhqfhg e|
rzq sdvw dv zhoo dv e| sdvw fkdqjh lq rwkhu lqwhuhvw udwhv dqg e| wkh odjjhg vsuhdgv1
Wkh frqglwlrqdo yduldqfh lv gh￿qhg lq+5, dv dq h{whqghgJMU prgho1 Htxdwlrq +5,
vlpsol￿hv wr wkh vwdqgdug JDUFK prgho li ￿￿ @ ￿￿￿ @3 / ;l>m/ m 9@ l1 Dv|pphwulf
h￿hfwv duh fdswxuhg e| wkh whup ￿3
￿c|3￿%
E6￿￿2
|3￿ / zklfk doorzv wr glvwlqjxlvk ehwzhhq
srvlwlyh dqg qhjdwlyh qhzv= wkh lpsdfw ri d srvlwlyh vkrfn rq wkh frqglwlrqdo yduldqfh
lv ￿￿￿/ zkhuhdv wkh lpsdfw ri d qhjdwlyh vkrfn lv +￿￿￿ . ￿￿,1 Vr d srvlwlyh ￿￿ zloo eh
dvvrfldwhg wr d kljkhu lpsdfw rq wkh yrodwlolw| ri qhjdwlyh vkrfnv wkdq srvlwlyh vkrfnv1
Yrodwlolw| wudqvplvvlrqv dorqj wkh |lhog fxuyh duh phdvxuhg e| ￿￿￿ iru l>m @
4>===>Q/ m 9@ l1 Vxfk h￿hfwv fdq eh srvlwlyh +yrodwlolw| wudqvplvvlrq/ xvlqj wkh whupl0
qrorj| ri D|xvr hw do1/ 4<<:, dv zhoo dv qhjdwlyh +yrodwlolw| wudqvihu,1
Iru srvlwlyh frqglwlrqdo yduldqfh/ lw lv vx!flhqw wkdw wkh sdudphwhuv ￿￿f/ ￿￿￿/ ￿￿￿
dqg +￿￿￿ . ￿￿,/ ;l>m/ duh qrq0qhjdwlyh1 Lq wkh jhqhudo fdvh/ wkh pxowlyduldwh ￿| lv
zhdno| vwdwlrqdu| li ghw+L￿ ￿+E .D.￿ @5,, kdv lwv urrwv rxwvlgh wkh xqlw flufoh



































Htxlydohqwo|/ ￿| lv zhdno| vwdwlrqdu| li doo wkh hljhqydoxhv ri +E .D.￿ @5, olh lqvlgh
wkh xqlw flufoh1 Wklv uhvxow kdv ehhq vkrzq e| Mhdqwkhdx +4<<;, lq wkh fdvh ri wkh
vwdqgdug pxowlyduldwh JDUFK prgho1
Wkh pd{lpxp olnholkrrg hvwlpdwhv ri wkh sdudphwhuv duh rewdlqhg qxphulfdoo|















zkhuh W lv wkh qxpehu ri revhuydwlrqv dqg ￿ lv wkh sdudphwhu yhfwru wr eh hvwlpdwhg1
Wkh prgho suhvhqwhg lq +4,￿+6, kdv 99 xqnqrzq sdudphwhuv +iru Q @7 ,1 Lq wkh
hpslulfdo dqdo|vlv/ zh vwxg| dw d ￿uvw vwhs d uhvwulfwhg/ dqg udwkhu xqlqwhuhvwlqj/
prgho lq zklfk doo furvv pdwxulw| frh!flhqwv duh vhw wr }hur +jlylqj 5; xqnqrzq
sdudphwhuv,1 Lq wkh vhfrqg vwhs/ zh h{dplqh wkh pruh jhqhudo prgho1
6 Gdwd dqg Suholplqdu| Dqdo|vlv
Zh xvh gdlo| Hxur0udwhv dw irxu pdwxulwlhv +rqh prqwk/ wkuhh prqwkv/ vl{ prqwkv/ dqg
rqh |hdu/ wkdw lv p @ i4>6>9>45j lq prqwkv, dqg iru wkh XV/ Jhupdq|/ dqg wkh XN1
Wkh vdpsoh fryhuv wkh shulrg Mdqxdu| 6/ 4<;6/ wr Ghfhpehu 64/ 4<<: +6<46 revhuyd0
wlrqv,1 Wkh gdwd duh dyhudjhv ri elg dqg dvn txrwhv +vrxufh= Gdwdvwuhdp,1 Lqwhuhvw
udwhv duh h{suhvvhg dv frqwlqxrxvo| frpsrxqghg }hur0frxsrq udwhv/ dv uhfrpphqghg
e| PfFxoorfk +4<<6, dqg Vkhd +4<<5,1 Wkh vwduwlqj srlqw ri wkh vdpsoh lv lqwhqghg
wr dyrlg wkh lpsdfw ri wkh fkdqjh lq wkh prqhwdu| srolf| rshudwlqj surfhgxuhv e|
wkh Ihg/ zklfk juhdwo| glvwxuehg wkh XV whup vwuxfwxuh1
Zh gr qrw lqfoxgh lq wkh dqdo|vlv ryhuqljkw udwhv dqg :0gd| udwhv/ ehfdxvh wkh|
glvsod| iru doo wkh frxqwulhv xqghu vwxg| yhu| pdunhg vkrfnv/ gxh wr fxuuhqf| wxuprlov
+lq wkh XN, ru prqhwdu| rshudwlqj surfhgxuhv +lq wkh XV ru lq Jhupdq|,1 Wkh 40
prqwk udwh lv wkhuhiruh frqvlghuhg dv wkh pdlq lqglfdwru ri wkh prqhwdu| srolf|1
Iljxuh 4 glvsod|v wkh ydulrxv lqwhuhvw udwhv vhulhv1
Wdeoh 4 suhvhqwv vrph vxppdu| vwdwlvwlfv rq fkdqjhv lq Hxur0udwhv ryhu wkh shulrg
vwxglhg1 Wkh Omxqj0Er{ vwdwlvwlfv +OE,/ frpsxwhg iru wkh fkdqjhv lq uhwxuqv/ vkrz
wkdw wkh qxoo k|srwkhvlv ri qr fruuhodwlrq xs wr 53 odjv lv v|vwhpdwlfdoo| uhmhfwhg iru
doo pdwxulwlhv dqg doo frxqwulhv1 Krzhyhu/ zkhq wkh OE vwdwlvwlfv duh fruuhfwhg wr
wdnh lqwr dffrxqw wkh srvvleoh khwhurvnhgdvwlflw| +OES,/ wkhq wkh qxoo k|srwkhvlv lv
doprvw qhyhu uhmhfwhg/ h{fhsw iru wkh 90prqwk XV udwh dqg iru wkh 90prqwk dqg wkh
450prqwk Jhupdq udwhv1 Wkh OE vwdwlvwlfv iru wkh vtxduhg fkdqjhv lq uhwxuqv +OE2,
dqg wkh OP whvw vwdwlvwlfv lqglfdwh wkdw wkh qxoo k|srwkhvlv ri krprvnhgdvwlflw| lv
dozd|v fohduo| uhmhfwhg1
Odvwo| wkh hpslulfdo vnhzqhvv dqg wkh h{fhvv nxuwrvlv fohduo| lqglfdwh wkdw doo
vhulhv duh qrw qrupdoo| glvwulexwhg1 Lqghhg wkh vhulhv fdq eh srvlwlyho| ru qhjdwlyho|
vnhzhg/ exw doo ri wkhp duh khdy| wdlohg zlwk uhvshfw wr wkh qrupdo glvwulexwlrq1 Wkh
h{fhvv nxuwrvlv fdq eh dv kljk dv 871
87 Hpslulfdo Uhvxowv
714 Wkh Uhvwulfwhg Prghov
Lq rughu wr vlpsoli| wkh hvwlpdwhv dqdo|vlv/ zh ￿uvw vhw wr }hur doo furvv0pdwxulw|
frh!flhqwv lq prgho +4,￿+6,1 Wkxv wkh prgho lv uhgxfhg wr wkh iroorzlqj xqlyduldwh
DU0JMU prghov/ iru l @4 >===>Q=
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￿E6￿c6￿￿ @3 m 9@ l +9,
zkhuh htxdwlrq +8, lv wkh xvxdo JMU yrodwlolw| vshfl￿fdwlrq1
Wkh hvwlpdwhv ri wkhvh uhvwulfwhg prghov duh uhsruwhg lq Wdeoh 51 Dv idu dv wkh
frqglwlrqdo phdq htxdwlrq lv frqfhuqhg/ wkh dxwruhjuhvvlyh sdudphwhu d￿￿ lv dozd|v
qhjdwlyh/ h{fhsw iru wkh 90prqwk Iuhqfk udwh/ lq zklfk fdvh lw lv srvlwlyh/ exw qrw
vljql￿fdqwo| gl￿huhqw iurp }hur1 Wklv lqglfdwhv wkdw wkh urrw ri wkh dxwruhjuhvvlyh
surfhvv pd| eh forvh wr/ exw ohvv wkdq/ rqh1 Wkh sdudphwhuv duh fohduo| ohvv wkdq rqh
lq Jhupdq|1
Frqfhuqlqj wkh frqglwlrqdo yduldqfh htxdwlrq/ wkh dxwruhjuhvvlyh frpsrqhqw ri
wkh yduldqfh ￿￿￿ lv odujh/ exw ohvv wkdq rqh1 Lw lv w|slfdoo| ehwzhhq 31:3 dqg 31<81 Wkh
lpsdfw ri wkh vtxduhg lqqrydwlrq +phdvxuhg e| ￿￿￿, lv dozd|v srvlwlyh dqg vljql￿fdqwo|
gl￿huhqw iurp }hur1 Lq sduwlfxodu/ lw lv odujh +ehwzhhq 3153 dqg 3169, iru wkh XN/ dqg
iru wkh 40prqwk XV udwh +￿￿￿ @3 =85,1
Wkh qhfhvvdu| vwdwlrqdulw| frqglwlrq iru yrodwlolwlhv +￿￿￿.￿￿￿.￿￿@5 ? 4,g r h vq r w
krog rqo| iru wkh XV 40prqwk udwh1 Pruhryhu wkh ryhudoo vwdwlrqdulw| frqglwlrq lv qrw
phw iru wkh XV gdwd1
Wkh dv|pphwulf h￿hfwv +phdvxuhg e| ￿￿, duh vxusulvlqjo| qhjdwlyh dqg vljql￿fdqw
iru prvw ri wkh pdwxulwlhv1 Vr d srvlwlyh lqqrydwlrq +dq lqfuhdvh lq wkh lqwhuhvw udwh,
zloo kdyh d juhdwhu lpsdfw rq yrodwlolw| wkdq d qhjdwlyh vkrfn1 Wkhvh h￿hfwv duh yhu|
odujh iru wkh 40prqwk udwhv/ vlqfh wkh dv|pphwulf h￿hfwv duh ri wkh vdph pdjqlwxgh
+zlwk rssrvlwh vljq, wkdq ￿￿￿1 Wklv lqglfdwhv wkdw d qhjdwlyh vkrfn rq lqwhuhvw udwh
kdv edvlfdoo| qr lpsdfw rq yrodwlolw|1 Wklv uhvxow lv txlwh frxqwhulqwxlwlyh dqg frxog
eh h{sodlqhg e| rxu dvvxpswlrq frqfhuqlqj wkh qxoolw| ri furvv0pdwxulw| frh!flhqwv1
Wkh whvw ri wkh krprvnhgdvwlflw| k|srwkhvlv +￿￿￿ @ ￿￿￿ @ ￿￿ @3 / ;l,l ve d v h gr q
wkh olnholkrrg udwlr vwdwlvwlfv +Wdeoh 6,1 Iru doo frxqwulhv zh fohduo| uhmhfw wkh qxoo
k|srwkhvlv/ wkh whvw vwdwlvwlfv udqjlqj iurp 5<94 iru wkh XN wr 7768 iru wkh XV1
Lq prvw fdvhv/ OE vwdwlvwlfv iru uhvlgxdov dqg vtxduhg uhvlgxdov doorz wr uhmhfw
erwk wkh vhuldo fruuhodwlrq dqg khwhurvnhgdvwlflw| k|srwkhvhv1 Wkhuhiruh h{fhsw iru
wkh dv|pphwulf h￿hfw/ wkh DUFK vshfl￿fdwlrq dsshduv wr eh zhoo vxlwhg iru wkh
dqdo|vlv ri wkh whup vwuxfwxuh1
715 Wkh Xquhvwulfwhg Prghov
Zh wxuq qrz wr wkh xquhvwulfwhg prghov1 Wdeoh 7 uhsruwv wkh hvwlpdwhv ri wkhvh
prghov/ zklfk fruuhvsrqg wr htxdwlrqv +4,￿+6,1
971514 Wkh XV
E| uhihuhqfh wr wkh lpsdfw ri wkh fkdqjhv lq wkh hxur0udwhv +ru qdpho| li zh qhjohfw
wkh vsuhdg h￿hfwv,/ lw lv zruwk qrwlqj wkdw wkh 60prqwk dqg wkh 450prqwk udwhv kdyh
d ohdglqj uroh +l1h1 doo vkruw0whup udwhv duh vljql￿fdqwo| lq xhqfhg e| wkh fkdqjh lq
60prqwk dqg 450prqwk udwhv rq wkh XV pdunhw, lq wkh frqglwlrqdo phdq htxdwlrq1
Wkh| kdyh lpsruwdqw h￿hfwv rq wkh rwkhu pdwxulwlhv1 Krzhyhu/ wkh 60prqwk udwh lv
wkh rqo| udwh wr d￿hfw vljql￿fdqwo| wkh 40prqwk udwh1 Frqyhuvho|/ wkh 40prqwk udwh
kdv qr lpsruwdqw h￿hfw rq wkh rwkhu pdwxulwlhv1
Huuru0fruuhfwlqj whupv duh doprvw doo vljql￿fdqw dqg/ lq hdfk htxdwlrq/ dw ohdvw
rqh huuru0fruuhfwlqj whup lv vljql￿fdqw1 Wkh prvw vljql￿fdqw whupv duh wkrvh zklfk
hqwhu wkh 60prqwk htxdwlrq ++406,0prqwk dqg +609,0prqwk vsuhdgv,1 Vr hyhq li lw kdv
qr h￿hfw lq wkh vkruw uxq/ wkh 40prqwk udwh lv deoh wr lq xhqfh wkh |lhog fxuyh lq wkh
orqj uxq1
Dv idu dv frqglwlrqdo yrodwlolw| htxdwlrqv duh frqfhuqhg/ wkh vhfrqg sduw ri Wd0
eoh 8 lqglfdwhv hljhqydoxhv ri wkh pdwul{ +E . D.￿ @5,1 Rqh qrwhv wkdw wkh joredo
vwdwlrqdulw| frqglwlrq +wkdw lv/ hdfk hljhqydoxh ri +E .D .￿ @5, lv ohvv wkdq 4, lv
vdwlv￿hg1 Dv|pphwulf h￿hfwv duh txlwh odujh/ hvshfldoo| iru wkh vkruwhvw pdwxulwlhv=
iru wkh 40prqwk udwh/ ￿￿￿ dqg ￿￿ duh yhu| forvh lq devroxwh ydoxh +314;; dqg 0314;5
uhvshfwlyho|,> wklv lqglfdwhv wkdw d srvlwlyh vkrfn ri 433 edvlv srlqwv lpsolhv dq lq0
fuhdvh lq wkh yrodwlolw| ri wkh 40prqwk udwh e| 4;1; es/ zkhuhdv d qhjdwlyh vkrfn ri
433 es lpsolhv dq lqfuhdvh lq wkh yrodwlolw| ri wkh 40prqwk udwh e| rqo| 319 es1
Frqfhuqlqj wkh yrodwlolw| wudqvplvvlrq phfkdqlvpv/ wkh 60prqwk udwh dsshduv dv
wkh frpprq fdxvdo yduldeoh ri wkh irxu yrodwlolw| htxdwlrqv1 Wkh 60prqwk udwh vhhpv
wr eh d ohdghu rq wkh hxur0groodu pdunhw/ vlqfh lw lv wkh rqo| rqh wr kdyh d vljql￿fdqw
lpsdfw rq wkh 40prqwk udwh1
Odvwo| zh ￿qg d voljkw zruvhqlqj ri wkh vwdwlvwlfdo surshuwlhv ri uhvlgxdov frpsduhg
wr wkh uhvwulfwhg prgho= uhvlgxdov iru pdwxulwlhv 60prqwk/ 90prqwk dqg 450prqwk duh
vhuldoo| fruuhodwhg dqg uhvlgxdov dvvrfldwhg wr wkh 450prqwk udwh duh khuhwrvnhgdvwlf1
71515 Jhupdq|
Wkh frqglwlrqdo phdq htxdwlrqv iru Jhupdq udwhv vkrz d ohdglqj uroh ri wkh 40prqwk
dqg wkh 450prqwk udwhv1 Krzhyhu/ frqwudu| wr wkh XV fdvh/ wkh +406,0prqwk vsuhdg kdv
d vljql￿fdqw h￿hfw rq wkh g|qdplfv ri wkh 40prqwk udwh/ exw qr h￿hfw rq wkh g|qdplfv
ri wkh 60prqwk udwh> wklv lqglfdwhv wkdw wkh 60prqwk udwh sod|v dq lpsruwdqw uroh lq
wkh orqj uxq1
Frqglwlrqdo yrodwlolwlhv duh joredoo| vwdwlrqdu|1 Dv|pphwulf h￿hfwv duh qhyhu vlj0
ql￿fdqw/ vr wkdw d srvlwlyh vkrfn dqg d qhjdwlyh vkrfn kdyh edvlfdoo| wkh vdph lpsdfw
rq yrodwlolwlhv1
Pruhryhu wudqvplvvlrq phfkdqlvpv duh yhu| vpdoo1 Wklv srlqw kdv ehhq douhdg|
kljkoljkwhg e| D|xvr hw do1 +4<<:,/ zklfk irxqg qr vljql￿fdqw h￿hfw ri wkh ryhuqljkw
udwh wrzdug prqh| pdunhw udwhv1
Dv iru wkh XV udwhv/ wkh vwdwlvwlfdo surshuwlhv ri wkh uhvlgxdov vkrz d vhuldo fruuh0
odwlrq dqg d uhvlgxdo khwhurvnhgdvwlflw| iru orqj pdwxulwlhv1
71516 Wkh XN
Wkh wudqvplvvlrq phfkdqlvpv ehwzhhq lqwhuhvw udwhv duh dexqgdqw iru wkh XN1 Iluvw
ri doo/ wkh 40prqwk udwh kdv d pdmru lpsdfw rq wkh rwkhu pdwxulwlhv1 Rq wkh frqwudu|/
:wkh 40prqwk udwh lv rqo| lq xhqfhg e| wkh 60prqwk udwh/ exw zlwk d qhjdwlyh h￿hfw
+031395,1 Odvwo|/ wkh 450prqwk udwh kdv d odujh h￿hfw rq wkh 60prqwk dqg wkh 90
prqwk udwh/ exw lw ghshqgv rq qr huuru0fruuhfwlqj whup1 Wkxv lw fdq eh frqvlghuhg
dv qrq0qhxwudo lq wkh orqj uxq1
Vwdwlrqdulw| frqglwlrqv iru wkh yrodwlolw| surfhvvhv duh vdwlv￿hg1 Dv|pphwulf hi0
ihfwv duh doo qhjdwlyh= wkh kljkhu wkh pdwxulw|/ wkh pruh vljql￿fdqw wkh h￿hfw1 Wudqv0
plvvlrq phfkdqlvpv pdlqo| frph iurp wkh 90prqwk yrodwlolw|/ zklfk kdv d odujh h￿hfw
rq wkh 40prqwk yrodwlolw|1 Rqfh djdlq/ wkh 60prqwk yrodwlolw| kdv d vxusulvlqj qhjdwlyh
h￿hfw rq wkh 40prqwk udwh1 Dffruglqj wr wkh gh￿qlwlrq e| D|xvr hw do1 +4<<:,/ zh
revhuyh d yrodwlolw| wudqvihu +udwkhu wkdq d yrodwlolw| wudqvplvvlrq, iurp wkh 60prqwk
udwh wrzdug wkh 40prqwk udwh1 Krzhyhu/ lw dsshduv txlwh gl!fxow wr ￿qg dq hfrqrplf
h{sodqdwlrq wr wklv uhvxow1
Wkh olnholkrrg udwlr whvw vwdwlvwlfv wr whvw wkh mrlqw qxoolw| ri doo furvv0pdwxulw|
sdudphwhuv duh kljko| vljql￿fdqw +l1h1/ wkh uhvwulfwhg yhuvxv wkh xquhvwulfwhg prghov,1
Wkh whvw vwdwlvwlfv udqjh iurp 7858 iru Jhupdq| wr 8566 iru wkh XN1
Iljxuh 5 vkrzv wkh yrodwlolwlhv hvwlpdwhg xvlqj wkh xquhvwulfwhg prghov1 Lq doo
frxqwulhv/ wkh kljkhu wkh pdwxulw|/ wkh vpdoohu wkh yrodwlolw|/ h{fhsw iru vrph yhu|
vkruw shulrg ri wlph +h1j1/ lq 4<;8 lq Jhupdq|,1 Wkh yrodwlolwlhv orrn vwdwlrqdu|/
dowkrxjk lq wkh XV wkh| vhhp wr ghfuhdvh ryhu wlph1
Wklv dssurdfk doorzv xv wr ghwhfw rq hdfk pdunhw wkh lqwhuhvw udwh zklfk kdv
wkh prvw vljql￿fdqw lpsdfw rq wkh rwkhu rqhv1 Krzhyhu/ gxh wr wkh odujh qxpehu ri
hvwlpdwhg sdudphwhuv/ lqwhusuhwlqj sdudphwhu hvwlpdwhv dsshduv txlwh gl!fxow1 Iurp
wklv srlqw ri ylhz/ vwxg|lqj wudqvplvvlrq phfkdqlvpv lq d YHFP0JDUFK iudphzrun
xvlqj Judqjhu0olnh fdxvdolw| lv d idloxuh1 Zh wkhuhiruh dgrsw lq wkh iroorzlqj dq do0
whuqdwlyh dssurdfk lq zklfk zh duh lqwhuhvwhg lq wkh vkrfnv wudqvplvvlrq phfkdqlvpv
rqo|1 Wklv dssurdfk lv edvhg rq wkh lpsxovh uhvsrqvh ixqfwlrqv1
8 Lpsxovh Uhvsrqvh Dqdo|vlv
D frpprq wrro iru lqyhvwljdwlqj wkh g|qdplfv ri yduldeohv lq d olqhdu/ vwdwlrqdu|
v|vwhp lv wkh lpsxovh uhvsrqvh phwkrgrorj| sursrvhg e| Vlpv +4<;3, dqg ghyhorshg
e| Grdq hw do1 +4<;7,1 Lpsxovh uhvsrqvh dqdo|vlv doorzv wr h{dplqh wkh h￿hfw rq wkh
v|vwhp ri d vpdoo lqqrydwlrq vkrfn1 O wnhsrko dqg Uhlphuv +4<<5, vkrzhg wkdw wklv
wrro lv dovr ydoxdeoh iru dqdo|}lqj frlqwhjudwhg v|vwhpv1 Vlploduo| Hqjoh hw do1 +4<<3,
vwxglhg wkh h￿hfw ri d vtxduhg lqqrydwlrq vkrfn rq vxevhtxhqw yrodwlolw|1
Vlqfh lqwhuhvw udwhv duh kljko| fruuhodwhg/ lw lv qhfhvvdu| wr ruwkrjrqdol}h wkh
uhvlgxdov ehiruh wkh lpsxovh uhvsrqvh dqdo|vlv1 Krzhyhu wkh vwdqgdug dssurdfk ￿
wkh Fkrohvnl ghfrpsrvlwlrq￿ lv odujho| duelwudu|/ vlqfh wkh uhvxowv duh d￿hfwhg e| wkh
uhrughulqj ri wkh yduldeohv lq wkh v|vwhp1 Zh wkxv frqvlghu dq dowhuqdwlyh dssurdfk
uhfhqwo| sursrvhg e| Nrrs hw do1 +4<<9,/ wkh Jhqhudol}hg Lpsxovh Uhvsrqvhv +JLU,1
Wkh sxusrvh ri wklv vhfwlrq lv wzrirog1 Iluvw zh vwxg| wkh h￿hfw rq lqwhuhvw udwhv ri
d vkrfn lq wkh lqqrydwlrqv ri wkh v|vwhp1 Wklv dqdo|vlv doorzv wr suhflvh wkh wudqvplv0
vlrq phfkdqlvpv ehwzhhq lqwhuhvw udwhv dorqj wkh |lhog fxuyh1 Vlqfh wkh frqglwlrqdo
phdq htxdwlrqv duh vshfl￿hg dv d YHFP/ zh dgrsw wkh phwkrgrorj| ghyhorshg e|
O wnhsrko dqg Uhlphuv +4<<5,1 Vhfrqg zh dqdo|}h wkh h￿hfw rq yrodwlolw| ri d vkrfn
lq wkh vtxduhg lqqrydwlrqv/ iroorzlqj wkh dssurdfk ri Hqjoh hw do1 +4<<3,1
;814 Lpsxovh Uhvsrqvhv ri Lqwhuhvw Udwhv
Wkh sur￿ohv ri lpsxovh uhvsrqvhv ri lqwhuhvw udwhv wr dq lqqrydwlrq vkrfn duh lqghshq0
ghqw ri wkh yrodwlolw| g|qdplfv +rqfh sdudphwhuv duh hvwlpdwhg,1 Wkxv zh irfxv rq
wkh frqglwlrqdo phdq htxdwlrqv zklfk duh ghvfulehg zlwk d YHFP iudphzrun zlwk
s ￿4 odjv=
D+O,￿u| @ ￿ .EV|3￿ . %|1
Dv vkrzq lq O wnhsrko dqg Uhlphuv +4<<5,/ wklv uhsuhvhqwdwlrq fdq eh uhzulwwhq dv
d YDU lq ohyho zlwk s odjv=
￿+O,u| @ ￿ .%| +:,
zlwk vrph frqvwudlqwv rq ￿+O,1
Xvlqj wklv irupxodwlrq/ zh frpsxwh wkh lpsxovh uhvsrqvhv ￿ru g|qdplf pxowlsolhuv￿
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zlwk F+3, @ L￿ dqg f
E6￿￿
& +v, ghqrwhv wkh uhvsrqvh ri yduldeoh u
E6￿￿
| wr d xqlw vkrfn lq
yduldeoh p&/ v shulrgv djr1
Zkhq wkh +qrq0frqglwlrqdo, fryduldqfh pdwul{ ri uhvlgxdov/ ￿/ lv qrw gldjrqdo/
uhvlgxdov duh ruwkrjrqdol}hg/ xvlqj wkh wuldqjxodu Fkrohvnl ghfrpsrvlwlrq ri ￿/w k d w








@ F+v,Sv @4 >5>===
zkhuh t
E6￿￿
& +v, ghqrwhv wkh uhvsrqvh ri yduldeoh u
E6￿￿
| wr d rqh vwdqgdug ghyldwlrq
lpsxovh lq yduldeoh p&/ v shulrgv djr1
Rqh lpsruwdqw gudzedfn ri wklv dssurdfk lv wkdw ruwkrjrqdol}hg lpsxovhv duh di0
ihfwhg e| uhrughulqj ri wkh yduldeohv lq u|1 Nrrs hw do1 +4<<9, sursrvhg dq lqwhuhvwlqj










& +v,@Fr￿￿h&@￿￿￿ v @4 >5>=== +;,







dqg ￿￿ @ H+%|%￿|, duh uhvshfwlyho| wkh +qrq0frqglwlrqdo, yduldqfh ri %￿|
dqg wkh +qrq0frqglwlrqdo, fryduldqfh ehwzhhq %| dqg %￿|1
Wkhvh lpsxovh uhvsrqvhv wdnh lqwr dffrxqw wkh ghshqghqfh ehwzhhq wkh gl￿huhqw
vkrfnv dqg uhgxfh wr wkh xvxdo ruwkrjrqdol}hg lpsxovh uhvsrqvhv ￿+v, rqo| zkhq
wkh fryduldqfh pdwul{ lv gldjrqdo1 Exw frqwudu| wr wkh xvxdo ruwkrjrqdol}hg lpsxovh
uhvsrqvhv/ wkh JLU duh xqltxh dqg duh qrw ghshqghqw rq wkh uhrughulqj ri wkh ydul0
deohv14
Wkh ￿uvw sduw ri Wdeoh 8 lqglfdwhv hljhqydoxhv ri wkh orqj0whup pdwul{ ￿+4,gh￿qhg
lq htxdwlrq +:,1 Wkh odujhvw hljhqydoxh lv/ e| gh￿qlwlrq/ htxdo wr xqlw|/ vlqfh wkh
v|vwhpv kdyh rqo| rqh frpprq vwrfkdvwlf wuhqg1 Wkh vhfrqg odujhvw hljhqydoxh lv qhdu
xqlw| +ehwzhhq 31<;< dqg 31<<7,1 Wklv lqglfdwhv wkdw/ dowkrxjk zh kdyh frqfoxghg wr
4Wkh vwdqgdug dffxpxodwhg lpsxovh uhvsrqvhv duh qrw frqvlghuhg khuh/ vlqfh/ dv srlqwhg rxw e|
O wnhsrko dqg Uhlphuv +4<<5,/ wkh| xvxdoo| glyhujh wr lq￿qlw| iru r <"lq wkh qrq0vwdwlrqdu| fdvh1
<wkuhh frlqwhjudwlrq uhodwlrqvklsv/ wkh zkroh orqj0uxq g|qdplfv ri wkh v|vwhpv vkrxog
eh ghvfulehg e| pruh wkdq rqh frpprq wuhqg1 Wkh wzr odvw hljhqydoxhv duh ohvv wkdq
rqh +ehwzhhq 31;8 dqg 31<3 iru wkh wklug rqh dqg ehwzhhq 3198 dqg 31:8 iru wkh odvw
rqh,1
Wdeoh 9 doorzv wr phdvxuh wkh lpsdfw rq wkh v|vwhp ri d vkrfn rq d jlyhq udwh1 Zh
vwxg| ydulrxv w|shv ri lpsxovh uhvsrqvhv= lpsxovh uhvsrqvhv edvhg rq wkh fdqrqlfdo
lqqrydwlrqv/ rq ruwkrjrqdol}hg lqqrydwlrqv +xvlqj wkh Fkrohvnl ghfrpsrvlwlrq/ wkh
vhulhv ehlqj rughuhg e| pdwxulw|, dqg rq JLU sursrvhg e| Nrrs hw do1 +4<<9,/ zklfk
duh lqghshqghqw ri wkh rughulqj ri wkh vhulhv1
Iluvw ri doo/ lpsxovh uhvsrqvhv edvhg rq fdqrqlfdo lqqrydwlrqv duh qrw vxlwhg wr
phdvxuh fdxvdo olqnv lq rxu v|vwhpv1 Wklv fdq eh vhhq frqvlghulqj wkh lpsdfw ri d
433 es vkrfn rq wkh 60prqwk XV udwh1 Lwv ￿qdo lpsdfw lv d ghfuhdvh e| 93 es ri doo
lqwhuhvw udwhv1 Wklv uhvxow lv fohduo| uhodwhg wr wkh idfw wkdw lw grhv qrw wdnh dffrxqw
ri wkh fruuhodwlrq ehwzhhq lqqrydwlrqv/ zkhuhdv wkhvh fruuhodwlrqv duh yhu| odujh iru
hdfk frxqwu| +ehwzhhq 317 dqg 31; ghshqglqj rq wkh pdwxulwlhv,1 Zh rewdlq wkh vdph
nlqg ri uhvxow iru wkh 40prqwk dqg wkh 60prqwk Jhupdq udwhv dqg iru wkh 40prqwk
XN udwh1
Ohw*v wxuq qrz wr wkh wzr rwkhu w|shv ri lpsxovh uhvsrqvhv/ zklfk wdnh h{solflwo|
dffrxqw ri wkh fruuhodwlrq ehwzhhq lqqrydwlrqv1 Wkh pdlq gl￿huhqfh ehwzhhq wkh
wzr dssurdfkhv lv udwkhu hdv| wr xqghuvwdqg1 Wkh Fkrohvnl ghfrpsrvlwlrq lpsolhv
wkdw zh wdnh dffrxqw ri doo wkh fruuhodwlrqv iru wkh ￿uvw vkrfn/ ri doo wkh fruuhodwlrqv
h{fhsw wkrvh frqfhuqlqj wkh ￿uvw vhulhv iru wkh vhfrqg vkrfn/ dqg vr rq1 Krzhyhu/ wkh
fruuhodwlrq ehwzhhq wkh 40prqwk udwh dqg wkh 60prqwk udwh lv yhu| odujh +juhdwhu wkdq
319,1 Wklv lpsolhv wr uhodwlyho| orz ￿qdo lpsdfwv iru vkrfnv rq wkh 60prqwk udwhv1 Iru
h{dpsoh/ lq wkh XV/ d 96 es vkrfn rq wkh 60prqwk udwh ohdgv wr dq lqfuhdvh ri wkh
|lhog fxuyh e| rqo| 5; es1
Rq wkh frqwudu|/ wkh dssurdfk ghyhorshg e| Nrrs hw do1 +4<<9, zrunv lq wkh
iroorzlqj zd|= hdfk pdwxulw| lv vxffhvvlyho| dw wkh ￿uvw sodfh ri wkh v|vwhp/ zkhq
rqh phdvxuhv wkh lpsdfw ri wklv pdwxulw| rq wkh v|vwhp1 Vr/ iru hdfk pdwxulw|/ doo
wkh lqvwdqwdqhrxv fruuhodwlrqv duh wdnhq lqwr dffrxqw/ jlylqj pruh *qdwxudo* uhvxowv=
d ;4 es vkrfn rq wkh 60prqwk XV udwh lpsolhv dq lqfuhdvh e| 78 es ri wkh zkroh |lhog
fxuyh lq wkh orqj uxq1 Wkh dssurdfk ri Nrrs hw do1 +4<<9, doorzv wr phdvxuh pruh
suhflvho| wkh uhodwlyh lpsdfw ri wkh ydulrxv pdwxulwlhv rq wkh |lhog fxuyh1 Lw grhv
qrw eldv wkh lqwhusuhwdwlrq ri wkh uhvxowv1 Wkh gl￿huhqfh ehwzhhq wkh ruwkrjrqdol}hg
lpsxovh uhvsrqvhv dqg wkh JLU lv hvshfldoo| qrwlfhdeoh iru wkh 450prqwk Jhupdq udwh
dqg XN udwh1 Li zh xvh wkh Fkrohvnl ghfrpsrvlwlrq/ zh rewdlq d ￿qdo uhvsrqvh ri wkh
v|vwhp ri uhvshfwlyho| ;7( dqg ;4( ri wkh lqlwldo vkrfn rq wkh 450prqwk udwh1 Li zh
xvh wkh JLU/ zh rewdlq d ￿qdo uhvsrqvh ri wkh v|vwhp ri uhvshfwlyho| <;( dqg 43;(
ri wkh lqlwldo vkrfn1
Iljxuh 6 vkrzv lpsxovh uhvsrqvhv ri lqwhuhvw udwhv iru wkh JLU dssurdfk1 Iru hdfk
￿jxuh/ wkh lpsxovh uhvsrqvhv wr d vkrfn rq wkh 40prqwk/ 60prqwk/ 90prqwk dqg 450
prqwk pdwxulw| lqwhuhvw udwhv duh sorwwhg lq judskv d wr g uhvshfwlyho|1 Wkh yhuwlfdo
d{lv uhsuhvhqwv wkh uhvsrqvh ri lqwhuhvw udwhv wr dq lqlwldo vkrfn ri rqh vwdqgdug huuru
rq wkh lqwhuhvw udwh ri wkh pdwxulw| frqvlghuhg1 Wkh krul}rqwdo d{lv uhsuhvhqwv wkh
gd|v hodsvhg iurp wkh gd| ri wkh vkrfn1
Dv idu dv wkh JLU duh frqfhuqhg/ rqh pdmru frqfoxvlrq vkrxog eh qrwhg= zkdwhyhu
wkh pdunhw/ wkh 450prqwk udwh kdv wkh odujhvw lpsdfw rq wkh v|vwhp1 Lqghhg/ li rqh
h{suhvvhv wkh ￿qdo lpsdfw dv d shufhqwdjh ri wkh lqlwldo vkrfn/ rqh ￿qgv wkdw iru
43doo frxqwulhv wkh uhodwlyh h￿hfw rq wkh v|vwhp lqfuhdvh zlwk wkh pdwxulw|1 Wklv lv
sduwlfxoduo| fohdu0fxw iru Jhupdq|= wkh 40prqwk udwh kdv d ￿qdo lpsdfw ri 46( ri
wkh lqlwldo vkrfn/ zkhuhdv wkh 450prqwk udwh kdv d ￿qdo lpsdfw ri <;(1
815 Lpsxovh Uhvsrqvhv ri Yrodwlolw|
Lq wkhlu vwxg| rq wkh wudqvplvvlrq phfkdqlvpv ehwzhhq vwrfn pdunhwv/ Hqjoh hw
do1 +4<<3, sursrvh d phwkrgrorj| wr phdvxuh h￿hfwv rq wkh yrodwlolwlhv ri d vkrfn



















wkh yhfwru ri wkh vtxduhg gdlo| lqqrydwlrqv ghulyhg
iurp wkh htxdwlrqv suhvhqwhg suhylrxvo|1 Htxdwlrq +5, fdq wkxv eh zulwwhq dv=
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Wdnlqj h{shfwdwlrqv frqglwlrqdo wr lqirupdwlrq dydlodeoh dw wlph w/ zh rewdlq iru
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Li wkh frqglwlrqdo yduldqfh surfhvv lv vwdwlrqdu|/ wkhq wkh qrq0frqglwlrqdo yduldqfh lv
jlyhq e| ￿2 @ olpr<" ￿2
|nr*| @+ L￿ ￿E ￿D ￿￿@5,
3￿￿f1
Iroorzlqj Hqjoh hw do1 +4<<3,/ zh gh￿qh wkh lpsxovh uhvsrqvh ri gdlo| yrodwlolw|
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44Wkh vhfrqg sduw ri Wdeoh 8 lqglfdwhv hljhqydoxhv ri wkh pdwul{ +E .D .￿@5,
gh￿qhg lq htxdwlrq +<,1 Wkh ￿uvw hljhqydoxh lv jhqhudo txlwh odujh +juhdwhu wkdq 31<;
h{fhsw iru wkh XN,1 Wklv vkrzv wkdw vkrfnv pd| kdyh wudqvlwru|/ exw orqj0odvwlqj
h￿hfw1
Wdeoh : vkrzv lpsxovh uhvsrqvhv lq gdlo| yrodwlolwlhv1 Iljxuh 7 glvsod|v wkh jhqhu0
dol}hg lpsxovh uhvsrqvhv wr d vkrfn rq wkh 40prqwk/ 60prqwk/ 90prqwk dqg 450prqwk
pdwxulw| yrodwlolwlhv duh sorwwhg lq judskv d wr g uhvshfwlyho|1 Wkh yhuwlfdo d{lv uhs0
uhvhqwv wkh uhvsrqvh ri yrodwlolwlhv wr dq lqlwldo vkrfn ri rqh vwdqgdug huuru rq wkh
yrodwlolw| ri wkh pdwxulw| frqvlghuhg1 Wkh krul}rqwdo d{lv uhsuhvhqwv wkh gd|v hodsvhg
iurp wkh gd| ri wkh vkrfn1
Dw d ￿uvw jodqfh/ iru hdfk judsk/ wkh lpsxovh uhvsrqvhv h{klelw vkruw0uxq g|qdplfv
dqg glh rxw diwhu 433 gd|v1 Wkh judskv doorz wr lghqwli| pruh suhflvho| ohdghu udwhv
lq whupv ri yrodwlolw|1 Vr d vkrfn rq d *ohdghu udwh* vkrxog kdyh d odujh dqg vljql￿fdqw
h￿hfw rq wkh yrodwlolw| ri wkh rwkhu pdwxulwlhv1 Iru h{dpsoh/ lq wkh fdvh ri wkh XV/
lw lv fohdu wkdw vkrfnv rq wkh yrodwlolw| ri wkh 40prqwk/ 90prqwk dqg 450prqwk udwhv
kdyh yhu| orz lpsdfw rq rwkhu yrodwlolwlhv1 Frqyhuvho|/ d vkrfn rq wkh 60prqwk udwh
yrodwlolw| kdv d odujh h￿hfw rq wkh yrodwlolw| ri rwkhu pdwxulwlhv/ hvshfldoo| rq wkh
40prqwk udwh yrodwlolw|1
Wkh pdlq fdxvdo yduldeoh lq whup ri yrodwlolw| lv wkh 60prqwk udwh lq wkh XV/ lq
Jhupdq| dqg/ wr d ohvvhu h{whqw/ lq wkh XN1 Lw lv lqwhuhvwlqj wr frpsduh Jhupdq| dqg
wkh XN1 Jhupdq yrodwlolwlhv glvsod| odujh shuvlvwhqfh exw vpdoo yrodwlolw| vslooryhuv1
Frqyhuvho|/ wkh XN yrodwlolwlhv vkrz yhu| orz shuvlvwhqfh/ vlqfh wkh lpsxovh uhvsrqvhv
fxuyhv glh rxw diwhu rqo| 53 wr 63 gd|v> exw diwhu d vkrfn rq wkh 90prqwk udwh yrodwlolw|
wkh| glvsod| vljql￿fdqw vslooryhuv= d lqfuhdvh e| 43( lq wkh 90prqwk yrodwlolw| lpsolhv
dq wudqvlwru| lqfuhdvh e| 9( lq wkh 40prqwk yrodwlolw| diwhu 43 gd|v1 Wklv gl￿huhqfh
ehwzhhq Jhupdq dqg XN yrodwlolwlhv fdq eh vhhq lq wkh hljhqydoxhv ri +E . D.￿ @5,1
Lqghhg rqh qrwhv wkdw doo hljhqydoxhv duh ohvv wkdq 4/ vlqfh yrodwlolw| surfhvvhv duh
doo vwdwlrqdu|1 Exw wkh Jhupdq hljhqydoxhv duh doo qhdu 4 +ehwzhhq 31<; dqg 31<4,/
zkhuhdv wkh XN hljhqydoxhv duh orzhu +ehwzhhq 31<7 dqg 31:<,1
Wkhvh uhvxowv frq￿up wkh hvwlpdwhv ri yrodwlolw| vslooryhuv sdudphwhuv frqfhuqlqj
wkh uhodwlyh lpsruwdqfh ri yrodwlolw| wudqvplvvlrqv1 Lw dsshduv fohduo| wkdw wkh 40
prqwk udwh yrodwlolw| ￿zklfk uh hfwv wkh prqhwdu| srolf| wkh pruh dffxudwho|￿ kdv
qr lpsdfw rq rwkhu yrodwlolwlhv1 Rq wkh frqwudu|/ lq doo wkh frxqwulhv/ wkh 40prqwk
yrodwlolw| lv wkh prvw lpsdfwhg yrodwlolw| e| rwkhu yrodwlolw| vkrfnv1
9 Frqfoxvlrq
Lq wklv sdshu/ zh vwxg| wkh lqwhudfwlrqv ehwzhhq wkh pdwxulwlhv ri d vdph |lhog fxuyh/
dw wkh frqglwlrqdo phdq ohyho dv zhoo dv dw wkh frqglwlrqdo yrodwlolw| ohyho1 Iluvw ri doo/
zh rewdlq wkh xvxdo vwdwlvwlfdo surshuwlhv ri lqwhuhvw udwhv dw d gdlo| iuhtxhqf|= uhwxuqv
lqghshqghqfh/ exw khwhurvnhgdvwlflw| dqg qrq0qrupdolw|1 Wkhvh surshuwlhv ohdg xv wr
vwxg| wkh |lhog fxuyh dv pxowlyduldwh JDUFK prghov/ zklfk doorz wkh yrodwlolw| wr
ydu| ryhu wlph1 Wkh uhsuhvhqwdwlrq dgrswhg wdnhv dffrxqw ri wkh pdlqv fkdudfwhulvwlfv
ri lqwhuhvw udwhv= qrq0vwdwlrqdulw| dqg frlqwhjudwlrq dw wkh frqglwlrqdo phdq ohyho>
khwhurvnhgdvwlflw|/ dv|pphwulf h￿hfw dqg yrodwlolw| wudqvplvvlrqv dw wkh frqglwlrqdo
yrodwlolw| ohyho1 Wkh hvwlpdwhv jlyh vrph hpslulfdo hylghqfh= wdnlqj lqwr dffrxqw ri
wkh wudqvplvvlrq phfkdqlvpv ehwzhhq lqwhuhvw udwhv dqg ehwzhhq yrodwlolwlhv pdunhgo|
lpsuryh wkh hvwlpdwlrq1 Pruhryhu wkhvh hvwlpdwhv vkrz wkh fuxfldo uroh ri wkh 40prqwk
45udwh lq Jhupdq| dqg lq wkh XN> ri wkh 60prqwk dqg wkh 450prqwk udwh lq wkh XV1 Wkh
uhvxowv duh krzhyhu gl!fxow wr lqwhusuhw/ ehfdxvh ri wkh odujh qxpehu ri sdudphwhuv/
dqg/ pruh suhflvho|/ ri wkh odujh qxpehu ri vljql￿fdqw sdudphwhuv1
Wr vroyh wklv sureohp/ zh dqdo|}h wkh lpsxovh uhvsrqvhv ri wkh |lhog fxuyhv wr
vkrfnv rq lqwhuhvw udwhv1 Zh frqvlghu vxffhvvlyho| wkh lpsxovh uhvsrqvhv ri lqwhuhvw
udwhv dqg ri yrodwlolwlhv diwhu d vkrfn rq wkh lqqrydwlrq surfhvv1 Wklv lpsxovh uh0
vsrqvh dqdo|vlv jlyhv d voljkwo| gl￿huhqw lqwhusuhwdwlrq dv frpsduhg wr wkh JDUFK
hvwlpdwhv= wkh lpsxovh uhvsrqvhv vkrz wkdw wkh |lhog fxuyhv duh prvwo| ohdg e| wkh
450prqwk udwh dw wkh frqglwlrqdo phdq ohyho/ dqg e| wkh 60prqwk udwh dw wkh frqgl0
wlrqdo yrodwlolw| ohyho1 Wkh vshfldo uroh sodlg e| wkh 60prqwk udwh lq whupv ri yrodwlolw|
wudqvplvvlrq phfkdqlvpv pd| eh gxh wr lwv xvh dv xqghuo|lqj dvvhw iru ixwxuhv dqg
rswlrqv frqwudfwv1 Wkh lqirupdwlrq  rz pd| eh wudqvplwwhg iurp wkh ixwxuhv dqg
rswlrqv pdunhwv wr wkh vsrw hxur0pdunhw wkurxjk wkh 60prqwk pdwxulw|1
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dqg Yrodwlolw| Dfurvv Lqwhuqdwlrqdo Vwrfn Pdunhwv￿/ Uhylhz ri Ilqdqfldo Vwxglhv/
6+5,/ 5;4063:1
^57‘ Kdugrxyholv/ J1D1 +4<<7,/ ￿Wkh Whup Vwuxfwxuh Vsuhdg dqg Ixwxuh Fkdqjhv lq
Orqj dqg Vkruw Udwhv lq wkh J: Frxqwulhv￿/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/
66+5,/ 58805;61
^58‘ Khqwvfkho/ O1 +4<<8,/ ￿Doo lq wkh Idplo|= Qhvwlqj V|pphwulf dqg Dv|pphwulf
JDUFK Prghov￿/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 6<+4,/ :404371
^59‘ Mhdqwkhdx/ W1 +4<<;,/ ￿Vwurqj Frqvlvwhqf| ri Hvwlpdwruv iru Pxowlyduldwh DUFK
Prghov￿/ Hfrqrphwulf Wkhru|/ 47+4,/ :30;91
47^5:‘ Nrrs/ J1/ P1K1 Shvdudq dqg V1P1 Srwwhu +4<<9,/ ￿Lpsxovh Uhvsrqvh Dqdo|vlv
lq Qrqolqhdu Pxowlyduldwh Prghov￿/ Mrxuqdo ri Hfrqrphwulfv/ :7+4,/ 44<047:1
^5;‘ Nrxwprv/ J1/ dqg J1J1 Errwk +4<<8,/ ￿Dv|pphwulf Yrodwlolw| Wudqvplvvlrq
lq Lqwhuqdwlrqdo Vwrfn Pdunhwv￿/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/
47+9,/ :7:0:951
^5<‘ O wnhsrko/ K1/ dqg K1H1 Uhlphuv +4<<5,/ ￿Lpsxovh Uhvsrqvhv Dqdo|vlv ri Frlq0
whjudwhg V|vwhpv￿/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 49+4,/ 860:;1
^63‘ PfFxoorfk/ M1K1 +4<<6,/ ￿D Uhh{dplqdwlrq ri Wudglwlrqdo K|srwkhvhv Derxw
wkh Whup Vwuxfwxuh= D Frpphqw￿/ Mrxuqdo ri Ilqdqfh/ 7;+5,/ ::<0:;<1
^64‘ Qhovrq/ G1E1 +4<<4,/ ￿Frqglwlrqdo Khwhurvnhgdvwlflw| lq Dvvhw Uhwxuqv= D Qhz
Dssurdfk￿/ Hfrqrphwulfd/ 8<+5,/ 67:06:31
^65‘ Vkhd/ J1V1 +4<<5,/ ￿Ehqfkpdunlqj wkh H{shfwdwlrqv K|srwkhvlv ri wkh Lqwhuhvw0
Udwh Whup Vwuxfwxuh= Dq Dqdo|vlv ri Frlqwhjudwlrq Yhfwruv￿/ Mrxuqdo ri Exvl0
qhvv dqg Hfrqrplf Vwdwlvwlfv/ 43+6,/ 67:06991
^66‘ Vlpv/ F1D1 +4<;3,/ ￿Pdfurhfrqrplfv dqg Uhdolw|￿/ Hfrqrphwulfd/ 7;+4,/ 407;1
^67‘ Vlpv/ F1D1 +4<;4,/ ￿Dq Dxwruhjuhvvlyh Lqgh{ Prgho iru wkh X1V1 4<7;04<:8￿/ lq
Odujh0Vfdoh Pdfur0Hfrqrphwulf Prghov/ sdu Nphqwd/ M1/ hw M1E1 Udpvh| +￿gv,/
Dpvwhugdp/ Qruwk0Kroodqg1
^68‘ Vxvpho/ U1/ dqg U1I1 Hqjoh +4<<7,/ ￿Krxuo| Yrodwlolw| Vslooryhuv ehwzhhq Lq0
whuqdwlrqdo Htxlw| Pdunhwv￿/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/4 6 /
60581
^69‘ ]dnrldq/ M1P1 +4<<7,/ ￿Wkuhvkrog Khwhurvnhgdvwlf Prghov￿/ Mrxuqdo ri Hfrqrplf
G|qdplfv dqg Frqwuro/ 4;+8,/ <640<881
48Wdeoh 4= Vxppdu| vwdwlvwlfv ri gdlo| fkdqjhv lq lqwhuhvw udwhv
Wkh Wdeoh jlyhv vxppdu| vwdwlvwlfv rq wkh fkdqjhv lq lqwhuhvw udwhv= ￿ ghqrwhv
wkh vwdqgdug ghyldwlrq> OE ghqrwhv wkh Omxqj0Er{ vwdwlvwlf dvvrfldwhg wr wkh qxoo
k|srwkhvlv ri qr vhuldo fruuhodwlrq +xs wr 53 odjv, ri wkh fkdqjh lq udwh> OES lv wkh
Omxqj0Er{ vwdwlvwlf fruuhfwhg iru khwhurvfnhgdvwlflw|> OE2 lv wkh Omxqj0Er{ vwdwlvwlf
dvvrfldwhg wr wkh qxoo k|srwkhvlv ri qr vhuldo fruuhodwlrq +xs wr 53 odjv, ri wkh vtxduhg
fkdqjh lq udwh> OP lv wkh WU2 vwdwlvwlf dvvrfldwhg wr wkh qxoo k|srwkhvlv ri qr DUFK
h￿hfw +xs wr 53 odjv,1 Wkhvh irxu vwdwlvwlfv duh glvwulexwhg dv d "2 zlwk 53 ghjuhhv




























76=8 @ 66=8 K
:;=; @ 63=: S
59:=< @ 536=; @
775=: @ 54;=8 @
58:=< @ 5:6=7 @
7<:=6 @ 75;=; @
3=43 K 86=;4 @
￿3=86 @ 44=:; @
￿3=8< @ 47=4< @










438=: @ 5<=9 S
<5=5 @ 63=8 S
473=9 @ 73=; @
::=; @ 7:=4 @
755=8 @ 5:5=: @
98<=4 @ 779=; @
9;;=7 @ 87;=3 @
567=; @ 4<6=< @
￿3=64 @ 4;=;8 @
3=37 <=47 @
￿3=5< @ 45=;7 @














7<9=: @ 78;=7 @
<:8=8 @ :3<=< @
4365=5 @ 896=9 @
83:=8 @ 5<;=5 @
5=98 @ 77=99 @
4=44 @ 68=:9 @
3=3< K 55=95 @
￿3=65 @ 4;=7: @
49Wdeoh 5= Hvwlpdwhv ri uhvwulfwhg xqlyduldwh JDUFK prghov
Vwdqgdug huuruv lq sduhqwkhvhv1 VF ghqrwhv wkh vwdwlrqdulw| frqglwlrq +￿￿￿.￿￿￿.
￿￿@5,/ dqg lq sduhqwkhvhv/ wkh joredo vwdwlrqdulw| frqglwlrq
T￿
￿’￿+￿￿￿ . ￿￿￿ . ￿￿@5,1
Lw kdv wr eh ohvv wkdq 4 iru wkh v|vwhp wr eh joredoo| vwdeoh1 OE+q, dqg OE2+q, duh
wkh Omxqj0Er{ vwdwlvwlfv iru uhvlgxdov dqg vtxduhg uhvlgxdov uhvshfwlyho|/ glvwulexwhg
dv "2 zlwk q ghjuhhv ri iuhhgrp1











03136: +31433, 31344 +3146:, 031354 +314;7, 03147: +3149:,
031397 +31344, 0313:4 +31353, 03137< +31353, 0313:5 +31354,
31645 +31344, 31398 +31339, 3144; +31344, 3158< +3134<,
31:94 +31336, 31<57 +31337, 31<6< +31338, 31;;7 +31339,
31849 +31344, 313<3 +31339, 31397 +31338, 31434 +3133;,
03169< +31348, 031377 +31339, 031374 +31338, 03135; +3133<,
413<6 31<<5 31<;6 31<8:
4<15:3 +31837, 651<:4 +31367, 731<5: +31337, 671876 +31356,











031337 +3145;, 031359 +31459, 03137: +31457, 031454 +31449,
0314:; +3134;, 031475 +3134<, 031474 +3134:, 031444 +3134;,
31489 +31343, 3148: +31347, 313;9 +31339, 314;4 +31343,
31;<7 +31336, 31;:4 +3133:, 31<49 +31335, 31;;< +31337,
31463 +31338, 3144; +31343, 313;3 +31338, 313:5 +31337,
0313;3 +31339, 031365 +31345, 031356 +3133:, 031344 +3133:,
31<;7 31<:6 31<;8 31<89
581;;: +314:3, 571443 +3156;, 6518;4 +3136;, 791446 +31334,











0314:< +31496, 031334 +314:;, 313;3 +314;3, 313;7 +31494,
0313<4 +31349, 03138< +31356, 03134; +31356, 031343 +31356,
41644 +3136<, 31;45 +31375, 3175; +31364, 31794 +31367,
31:38 +3133:, 31:73 +31343, 31;4: +3133:, 31:;: +3133<,
31688 +31353, 315<5 +31355, 31537 +31347, 31553 +31349,
0314<4 +31357, 031496 +31357, 0313:3 +3134<, 0313:9 +31353,
31<98 31<84 31<;9 31<9<
461773 +31;8;, 5;1466 +31439, 4816<8 +31:86, 5517;9 +31648,
6147; +31<<<, 41<<: +31<<<, 51889 +31<<<, 481::: +31:63,
4:Wdeoh 6= Orj0olnholkrrg dqg olnholkrrg udwlr whvw
Wkh ￿uvw sduw ri wkh Wdeoh lqglfdwhv orj0olnholkrrg iru ydulrxv vshfl￿fdwlrqv ri wkh
prgho1 Wkh vhfrqg sduw uhsruwv olnholkrrg udwlr whvw vwdwlvwlfv iru wkh qxoo k|srwk0
hvlv ri frqvwdqw yrodwlolw| dqg iru uhvwulfwhg prghov1 Wkh ghjuhhv ri iuhhgrp duh lq
sduhqwkhvhv1





















4;Wdeoh 7= Hvwlpdwhv ri xquhvwulfwhg JDUFK prghov
Vwdqgdug huuruv lq sduhqwkhvhv1 OE+q, dqg OE2+q, duh wkh Omxqj0Er{ vwdwlvwlfv
iru uhvlgxdov dqg vtxduhg uhvlgxdov uhvshfwlyho| glvwulexwhg dv "2 zlwk q ghjuhhv ri
iuhhgrp1





















0316;5 +313<7, 0315<; +313;4, 031:34 +31436, 031598 +31454,
031534 +3134:, 31367 +31347, 31378 +3134<, 31357 +31349,
31459 +31357, 031454 +3134<, 313<4 +31353, 31477 +31356,
31346 +31353, 3133: +3134:, 0314;5 +3134<, 31457 +31357,
3135< +31346, 313:4 +31345, 31399 +31349, 031583 +3134<,
031366 +3133:, 0314:5 +31338, 0313;6 +3133:, 03138< +3133<,
313:8 +31343, 314:5 +31339, 031368 +3133<, 313:; +31344,
031339 +3133:, 03133: +31337, 313;; +31339, 03134; +3133:,
313<; +3133;, 31466 +3133;, 3147; +31344, 31589 +31347,
31;46 +31336, 31;:7 +31337, 31;<8 +31338, 31;9: +31338,
314;; +31339, 31334 +31335, 3134< +31334, 31334 +31334,
31464 +31338, 31438 +3133:, 31344 +31336, 31344 +31336,
031335 +31335, 3134: +31335, 31396 +31337, 31365 +31337,
031334 +31334, 31337 +31335, 31343 +31335, 313;4 +31339,
0314;5 +3133:, 0313:5 +3133:, 03138; +31338, 031365 +3133:,
￿ 31975 +3133;, 31875 +31343, 317:: +31344,
￿ ￿ 31:7; +31338, 31957 +3133;,
￿ ￿ ￿ 319;: +31339,
5818<; +314;3, 5<71997 +31333, 44:1387 +31333, 871;57 +31333,
4:1:68 +31938, 451:59 +31;;<, 461;3; +31;73, 7815;; +31334,





















031495 +313<:, 3135: +313<3, 31383 +313<3, 031495 +313<6,
0314;: +31353, 313<6 +31348, 313<8 +31347, 3138: +31347,
3133; +31356, 03155; +31353, 3137< +3134<, 313;< +3134<,
313<5 +31355, 031363 +31354, 031574 +3134<, 31395 +3134<,
31394 +31355, 313;4 +31353, 3139 +3134;, 03156< +3134<,
3146: +31339, 031358 +3133:, 31355 +3133:, 31347 +31339,
03136; +3133:, 31435 +3133:, 03136: +3133<, 31379 +3133<,
031358 +31338, 031373 +31339, 3135: +31339, 03136: +31339,
31466 +31344, 31455 +31347, 31397 +31338, 314;5 +3133<,
31;:: +31338, 31;99 +3133;, 31<5; +31335, 31;;3 +31338,
313<7 +31338, 31344 +31335, 31334 +31334, 31335 +31334,
31347 +31337, 31387 +31339, 31335 +31335, 31339 +31335,
31336 +31335, 3133; +31336, 31387 +31337, 3133: +31335,
31337 +31336, 31366 +31336, 31338 +31335, 31386 +31336,
31334 +3133:, 31339 +3133<, 03133; +31337, 31336 +31339,
￿ 31936 +3133:, 3178< +31343, 31733 +31344,
￿ ￿ 31976 +31339, 31844 +31343,
￿ ￿ ￿ 3193< +3133:,
571:;5 +31543, 681:;8 +31349, 7918<8 +31334, 76196; +31335,
4;13:5 +318;6, 4:1334 +31986, 661;94 +3135:, 66186; +3135<,





















031963 +3147;, 03137; +3145<, 0318;9 +31463, 0315:9 +31465,
03138: +31353, 3147: +31348, 31459 +31347, 3138: +31348,
031395 +31359, 0315;< +31356, 03136< +31356, 031336 +31359,
31364 +31364, 313:5 +31357, 03145; +31357, 31495 +31359,
31369 +31359, 3147; +3134<, 31475 +3134<, 031494 +31355,
31473 +3133<, 03135: +3133;, 31387 +3133;, 31349 +3133<,
0313;< +31349, 3139< +31346, 031465 +31346, 031338 +31347,
31335 +3133;, 031357 +31339, 31396 +31339, 031338 +31339,
3198: +31356, 31865 +31359, 31969 +3135;, 41338 +3138:,
31:97 +3133:, 31::< +3133:, 31;3: +31339, 319<7 +31344,
31466 +3133<, 31358 +31337, 31337 +31336, 31337 +31335,
031395 +31339, 31393 +31343, 3134; +3133:, 31367 +3133;,
31497 +3133:, 313<8 +3133:, 31484 +3133<, 31383 +31343,
031353 +31338, 03133; +31337, 031336 +31338, 31445 +31347,
31339 +31345, 031359 +31344, 03138< +3133<, 031374 +31349,
￿ 3199; +31338, 31844 +3133<, 31778 +31344,
￿ ￿ 31:;9 +31337, 319;5 +3133:,
￿ ￿ ￿ 31:8: +31338,
4;1<65 +31859, 4<1384 +3184<, 6717<6 +31356, 4<1<34 +31797,
519:; +31<<<, 41789 +31<<<, 4184< +31<<<, ;1<47 +31<;7,
53Wdeoh 8= Hljhqydoxhv dvvrfldwhg wkh frqglwlrqdo phdq htxdwlrqv dqg wr wkh frq0
glwlrqdo yduldqfh htxdwlrqv
Hljhqydoxhv dvvrfldwhg wr wkh frqglwlrqdo phdq htxdwlrqv duh hljhqydoxhv ri ￿+4,
gh￿qhg lq htxdwlrq +:,1 Hljhqydoxhv dvvrfldwhg wr wkh frqglwlrqdo yduldqfh htxdwlrqv
duh hljhqydoxhv ri +E .D .￿ @5, gh￿qhg lq htxdwlrq +<,1
Frqglwlrqdo phdq htxdwlrq
￿￿ ￿2 ￿￿ ￿e
Frqglwlrqdo yduldqfh htxdwlrq




41333 31<;< 31;98 319<7
41333 31<<4 31;<8 31:83
41333 31<<7 31<3; 31997
31<;4 31<67 31;<< 31;<<
31<;4 31<:6 31<6< 31<44
31<7: 31;85 31;85 31:;<
54Wdeoh 9= Lqlwldo vkrfnv dqg ￿qdo lpsdfwv/ dvvrfldwhg wr lpsxovh uhvsrqvhv 0 frq0
glwlrqdo phdq htxdwlrqv
Wkh Wdeoh lqglfdwhv wkh lqlwldo uhvsrqvhv dqg wkh ￿qdo lpsdfwv ri wkh frqglwlrqdo
phdq wr d vkrfn rq d jlyhq lqqrydwlrq1 Wkh ￿uvw sduw ri wkh Wdeoh lv dvvrfldwhg
wr fdqrqlfdo lqqrydwlrqv +qrq0ruwkrjrqdol}hg,> wkh vhfrqg sduw wr wkh ruwkrjrqdol}hg
lqqrydwlrqv +xvlqj wkh Fkrohvnl ghfrpsrvlwlrq,> wkh odvw sduw wr wkh JLU +Nrrs hw
do1/ 4<<9,1 Lq wkh odvw wzr fdvhv/ lqlwldo vkrfnv kdyh ehhq qrupdol}hg/ vxfk wkdw wkh
vkrfn rq wkh ￿uvw pdwxulw| lv htxdo wr xqlw|1 Iru ruwkrjrqdol}hg lqqrydwlrqv dqg
JLU/ wkh ydoxhv ri ￿￿￿ duh 3=3<</ 3=3;6 dqg 3=493 iru wkh XV/ Jhupdq| dqg wkh XN
uhvshfwlyho|1
Wkh XV Jhupdq|
Lqlwldo vkrfnv Ilqdo Lqlwldo vkrfnv Ilqdo
lpsdfw lpsdfw
Fdqrqlfdo 4 3 3 3 313<4 4 3 3 3 031559
lqqrydwlrqv 3 4 3 3 0318;: 3 4 3 3 031579
3343 3 1 5 6 : 3343 3 1 8 < 8
3334 4 1 6 5 4 3334 3 1 ; 7 8
Ruwkrjrq1 4 31835 31746 31696 316:7 4 31836 316:; 31638 31465
lqqrydwlrqv 3 31966 3179: 3173< 315:< 3 31966 3169; 31597 315;:
3 3 3185< 315:: 317<4 3 3 31936 3159: 318;8
3 3 3 31977 31;83 3 3 3 318:: 317;:
JLU 4 31835 31746 31696 316:7 4 31836 316:; 31638 31465
31954 31;3; 31955 31879 31784 31955 31;3< 31856 316<9 3163:
31838 31948 31;4: 318<9 31999 317:4 3185; 31;34 31799 31967




Fdqrqlfdo 4 3 3 3 031483
lqqrydwlrqv 3 4 3 3 31564
3 3 4 3 31536
3 3 3 4 31;38
Ruwkrjrq1 4 3196; 31835 31739 31759
lqqrydwlrqv 3 31975 3188< 31774 3194:
3 3 31898 3163: 31695
3 3 3 3183< 31743
JLU 4 3196; 31835 31739 31759
31:38 31<38 31:83 318<; 31:6:
31867 31:55 31<73 31997 31;45
317;4 31974 31:6< 31;77 31<3<
55Wdeoh := Lqlwldo vkrfnv/ dvvrfldwhg wr lpsxovh uhvsrqvhv 0 frqglwlrqdo yduldqfh
htxdwlrqv
Wkh Wdeoh lqglfdwhv wkh lqlwldo uhvsrqvhv ri wkh frqglwlrqdo phdq wr d vkrfn rq
d jlyhq lqqrydwlrq +wkh ￿qdo lpsdfwv duh }hur e| frqvwuxfwlrq,1 Wkh ￿uvw sduw ri
wkh Wdeoh lv dvvrfldwhg wr fdqrqlfdo lqqrydwlrqv +qrq0ruwkrjrqdol}hg,> wkh vhfrqg
sduw wr wkh ruwkrjrqdol}hg lqqrydwlrqv +xvlqj wkh Fkrohvnl ghfrpsrvlwlrq,> wkh odvw
sduw wr wkh JLU +Nrrs hw do1/ 4<<9,1 Lq wkh odvw wzr fdvhv/ lqlwldo vkrfnv kdyh
ehhq qrupdol}hg/ vxfk wkdw wkh vkrfn rq wkh ￿uvw pdwxulw| lv htxdo wr xqlw|1 Iru
ruwkrjrqdol}hg lqqrydwlrqv dqg JLU/ wkh ydoxhv ri ￿￿￿ duh 3=3:5/ 3=364 dqg 3=3<7 iru











4 31466 3137< 31358
3 31598 314:8 31479
3 3 31597 31464
3333 1 6 8 9
4 31466 3137< 31358
31783 315<9 314:; 31474
31485 31497 31653 314<4





4 3153< 31477 313<3
3 31745 31584 31446
3 3 31785 31475
3333 1 6 : 8
4 3153< 31477 313<3
31786 31795 315;< 31475
3159; 3157; 3186: 314<:











4 31969 31756 31565
3 316:9 31693 31559
3 3 315;7 31489
3333 1 5 : 9
4 31969 31756 31565
31;94 31:6< 3187: 31648
319:; 3197; 31957 3168<
31845 31846 317<7 31787
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